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The antioxidant activity of methanol extracts from Passiﬂora edulis and Passiﬂora alata pulp, and P. edulis
rinds, healthy or infected with the passion fruit woodiness virus (PWV), was investigated using the oxi-
dant activities of the neutrophil and the neutrophil granule enzyme myeloperoxidase (MPO), both play-
ing key roles in inﬂammation. The reactive oxygen species produced by stimulated neutrophils were
evaluated by lucigenin-enhanced chemiluminescence (CL) and the activity of puriﬁed MPO was mea-
sured by SIEFED (Speciﬁc Immunological Extraction Followed by Enzymatic Detection), a technique for
studying the direct interaction of a compound with the enzyme. The rind extracts of P. edulis possessed
higher and dose-dependent inhibitory effects on CL response and on the peroxidase activity of MPO than
total pulp extracts from both passion fruit species. The quantiﬁcation of isoorientin in the extracts
showed a correlation with their antioxidant activity, suggesting the potential of P. edulis rinds as func-
tional food or as a possible source of natural ﬂavonoids.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Polymorphonuclear neutrophils (PMN) are specialised for their
primary function of phagocytosis, with highly developed mecha-
nisms for intracellular digestion of particles, such as pathogens
and cell debris. However, excessive activation of PMN generates
reactive oxygen species (ROS). In addition to producing ROS, neu-
trophil granules discharge hydrolytic and proteolytic enzymes,
which are implicated in several human and animal diseases, such
as neurodegenerative disorders, cancer, cardiovascular diseases,
atherosclerosis, cataracts, DNA damage and inﬂammation, etc.
(Babior, 2000; Klebanoff, 2005).
Myeloperoxidase (MPO), a speciﬁc granular enzyme of PMN, is
considered as a marker of stimulated PMN and contributes to oxi-
dative stress by generating oxidant species, particularly hypochlo-
rous acid (HOCl), an important microbial killer through both
oxidation and chlorination reactions (Deby-Dupont, Deby, & Lamy,
1999; Serteyn, Grulke, Franck, Mouithys-Mickalad, & Deby-Du-
pont, 2003). MPO is released in the extracellular medium by highly32 4 3662866.
sevier OA license. stimulated and dying neutrophils in pathological conditions of
acute and chronic inﬂammation. Under these conditions, MPO is
able to exert oxidant activity on neighbouring cells and tissues
(Klebanoff, 2005).
Many molecules, such as phenolic compounds, are known to
possess antioxidant activity that inhibits oxidative damage and
may consequently prevent inﬂammatory conditions (Khanna
et al., 2007), ageing and neurodegenerative diseases (Fusco, Collo-
ca, Monaco, & Cesari, 2007). Recent studies have focused on the
health effects of phenols, including ﬂavonoids from fruit and veg-
etables (Conforti et al., 2009; Vila, Colombo, Lira, & Yariwake,
2008). Phenolic compounds are present in many plants, such as
Passiﬂora edulis and Passiﬂora alata, mainly belonging to the ﬂav-
ones C-glucoside class (Dhawan, Dhawan, & Sharma, 2004). Isoori-
entin (Fig. 1), a C-glucoside ﬂavone found in P. edulis (Dhawan
et al., 2004), was also found to be the major ﬂavonoid in pulp ex-
tracts of this species. In fact, the total ﬂavonoid content in P. edulis
pulp was reported to be quite signiﬁcant in comparison with other
beverages that are sources of ﬂavonoids, such as orange juice and
sugarcane juice (Zeraik & Yariwake, 2010).
The aforementioned Passiﬂora species are widely cultivated and
consumed in Brazil: P. edulis pulp is used mainly in the industrial
Fig. 1. Structure of the ﬂavone isoorientin and Glu: glucose.
260 M.L. Zeraik et al. / Food Chemistry 128 (2011) 259–265production of juice, while P. alata is typically consumed fresh due
to its sweeter taste (Carvalho-Okano & Vieira, 2001). Passion fruit
rind, the main by-product of the juice industry, contains pectin, a
highly valued functional food ingredient widely used as a gelling
agent and stabiliser (Pinheiro et al., 2008). These rinds have also
been studied for use in the production of candy and ﬂour for hu-
man consumption (Ramos et al., 2007). Due to its high nutritional
value and ﬂavonoid contents, investigations to evaluate the poten-
tial of passion fruit as a functional food or a source of active com-
pounds for antioxidant or anti-inﬂammatory purposes are very
important. Moreover, although agroindustrial by-products may
be rich sources of bioactive compounds (Balasundram, Sundram,
& Samman, 2006), the use of passion fruit rinds still requires fur-
ther studies.
Recent studies have shown the potential of passion fruit and its
rind for several purposes, such as the antihypertensive effect of
passion fruit rind attributed partially to the vasodilatory effect of
polyphenols, especially the ﬂavonoid luteolin (Ichimura et al.,
2006). However, the pulp biological activity that has been the most
extensively studied is its antioxidant activity, using various meth-
ods, such as DPPH, FRAP, ABTS and DMPD (Kuskoski, Asuero,
Troncoso, Mancini-Filho, & Fett, 2005; Vasco, Ruales, & Kamal-El-
din, 2008). These methods explore mainly the stoichiometric activ-
ity of extracts by measuring the ability of polyphenolic molecules
to trap or neutralise radical species generated by in vitromolecular
models. Some in vivo studies have detected anti-inﬂammatory
activity of P. edulis and P. alata leaves (Vargas et al., 2007; Zucolotto
et al., 2009) by using a carrageenan-induced pleurisy model in
mice. These studies showed a decrease of MPO activity, which
was associated with a decrease of neutrophil inﬂux. However,
the effect of these extracts on ROS produced by stimulated neutro-
phils and on the true enzymatic activity of MPO, considered as a
target for new drug development (Malle, Furtmuller, Sattler, &
Obinger, 2007) has not been studied.
The originality of this work was to study the antioxidant activ-
ities of passion fruit extracts in a model that distinguishes between
two important aspects of the antioxidant activity of a molecule or
an extract, either its stoichiometric activity of ROS trapping or its
anticatalytic activity by blocking the active site of an oxidant-pro-
ducing enzyme. In the present study, we assessed the antioxidant
activities on phorbol myristate acetate-stimulated equine neutro-
phils and on puriﬁed equine MPO of dry methanol extracts from
raw pulp of P. alata and P. edulis and also from the rind of P. edulis
fruit infected or not with the passion fruit woodiness virus (PWV)
(Trevisan et al., 2006). The stoichiometric effect of the extracts on
the production of ROS by PMN was measured by lucigenin-en-
hanced chemiluminescence (CL), while the anticatalytic effect on
the activity of puriﬁed MPO was evaluated by SIEFED (Speciﬁc
Immunological Extraction Followed by Enzymatic Detection), a
method whereby the drug interaction with the enzyme can be
studied without interference from the reaction medium (Franck
et al., 2006). Additionally, the isoorientin content in the extracts
was determined by HPLC–UV/DAD.2. Experimental
2.1. Samples
P. edulis Sims f. ﬂavicarpa Degener (Passiﬂoraceae) fruits were
picked on São Luiz farm in the municipality of Bauru, São Paulo,
Brazil, in January 2008. P. alata Dryander fruits were picked in April
2008 on Morada da Paz farm in the municipality of Arealva, São
Paulo, Brazil. The species were identiﬁed by Dr. Luís Carlos Bernac-
ci (Herbarium IAC, Campinas-SP, Brazil) and voucher specimens of
P. edulis and P. alata were deposited in the herbarium of the Cam-
pinas Agronomic Institute, São Paulo, Brazil (IAC 49929, IAC 50283,
respectively). The plants were evaluated individually for incidence
of the PWV virus in the fruit, based on typical symptoms, such as
wrinkles, deformations and blisters on the leaf and rind surfaces.
The fruits pulp and seeds were separated by sieving, after which
the pulp was stored in jars and immediately frozen at 20 C prior
to preparation.
The rinds (epicarp and mesocarp) were ﬁrst washed in distilled
water, then sliced and dried at 40 C until they reached a constant
weight. The dried rinds were then ground in a food processor and
sieved through a 16-mesh sieve to separate the material with a
particle size of 1.0 mm. The ground rinds were stored in plastic
containers protected from moisture and heat.2.2. Chemicals and reagents
Analytical-grade ethanol (Merck, VWRI, Leuven, Belgium) and
methanol (J.T. Baker, Phillipsburg, NJ) were used in the extraction
procedure. Dimethylsulfoxide (DMSO), NaCl, KCl, CaCl2, hydrogen
peroxide (30% v/v) and Tween 20 were supplied by Merck. p-Nitro-
phenyl phosphate, sodium nitrite, bovine serum albumin (BSA),
EDTA disodium salt, bis-N-methylacridinium nitrate (lucigenin),
and phorbol 12-myristate 13-acetate (PMA) were purchased from
Sigma (Bornem, Belgium). Amplex red was purchased from Molec-
ular Probes (Invitrogen, Merelbeke, Belgium). Isoorientin standard
(purity P99%) was purchased from Carl Roth (Karlsruhe, Ger-
many). All the solutions were prepared with water puriﬁed in a
Milli-Q system (Millipore, Bedford, MA).2.3. Preparation of samples and standards
The ﬂavonoids of P. edulis and P. alata pulp were extracted un-
der pre-optimised conditions (Zeraik & Yariwake, 2010): passion
fruit pulp (10.0 mL) was sonicated for 1.5 min with 30.0 mL of
60% ethanol at room temperature. The extracts were centrifuged
at 5000g, 25 C, for 20 min and the supernatant was concentrated
to 2.0 mL using a rotary evaporator. The resulting aqueous solution
was puriﬁed by solid-phase extraction, using Sep-Pak C18 car-
tridges (400.0 mg, Waters Associates, Milford, MA), which were
preconditioned with 5.0 mL of methanol and 5.0 mL of water.
The ﬂavonoid fractions were eluted with 60% methanol to a precise
volume of 2 mL. The extracts were evaporated to dryness using a
rotary evaporator, and solubilised in DMSO to obtain stock solu-
tions of 1.0, 10.0 and 100.0 mg L1.
The ﬂavonoids of the rinds of P. edulis fruits infected or not with
PWV were extracted according to the literature (Ichimura et al.,
2006) as follows: 20.0 mL of methanol were added to 1.0 g of dried
ground rinds, the material was shaken for 60 min, ﬁltered, and the
supernatant dried using a rotary evaporator. The dried supernatant
was then dissolved in DMSO, to obtain stock solutions of 1.0, 10.0
and 100.0 mg mL1. The ﬂavonoid isoorientin was dissolved in
DMSO to obtain solutions of 0.4, 0.04, and 0.004 mg mL1. DMSO
stock solutions of the extracts or standard isoorientin were added
to the PMN suspension or MPO solution to a ﬁnal concentration of
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for isoorientin. Control assays were performed with 1% DMSO (ﬁ-
nal concentration) and the control value was deﬁned as 100%.
2.4. Isolation of equine neutrophils
Neutrophils were isolated from horse blood using EDTA diso-
dium salt (1.6 mg mL1) as anticoagulant, drawn from the jugular
vein of healthy horses fed and bred in identical conditions and un-
der no drug treatment (Faculty of Veterinary Medicine, University
of Liège, Belgium). The neutrophils were isolated at room temper-
ature (18–22 C) by centrifugation (400g, 30 min, 20 C) on a dis-
continuous Percoll density gradient, following the method
described by Pycock, Allen, and Morris (1987). The cells were col-
lected, washed in two volumes of physiological saline solution, and
the pellets were resuspended in 20 mM phosphate buffered saline
(PBS) at pH 7.4 with 137 mM NaCl and 2.7 mM KCl. Each batch of
neutrophils was prepared from 60 mL of blood from one horse. The
cells were used within 4 h after isolation, and each assay was per-
formed in triplicate. Each experiment was repeated at least twice
with different cell batches (collected from different horses).
2.5. Measurement of the ROS production by activated neutrophils
ROS production by activated neutrophils was measured by
chemiluminescence (CL), according to a method adapted from Ben-
barek et al. (1996). The assays were performed on microtiter plates
and CL was measured at 37 C using a Fluoroskan Ascent FL ﬂuo-
rometer (Fisher Scientiﬁc, Tournai, Belgium).
Neutrophil suspensions (106 neutrophils/200 lL PBS) were dis-
tributed in the wells (106 neutrophils per well) of a 96-well micro-
titer plate (White Combiplate 8, Fisher Scientiﬁc) and incubated for
10 min at 37 C with the extracts at ﬁnal concentrations of 1.0, 0.1,
0.01 mg mL1 or with the standard isoorientin at ﬁnal concentra-
tions of 4, 0.4, 0.04 lg mL1. After incubation, 25.0 lL CaCl2
(7.5 M), 2.0 lL lucigenin (5 lM) and 10.0 lL PMA (16 lM) were
added. Immediately after the addition of PMA, the CL response of
the neutrophils was monitored for 30 min (Multiscan Ascent, Fish-
er Scientiﬁc) and expressed as the integral value of the total CL
emission. A control assay was carried out with stimulated neutro-
phils incubated with PBS containing 1% DMSO, and was taken as
100% of CL response. The percentages of inhibition were calculated
in relation to the DMSO control. To check that the decrease of CL
response was not due to a toxic effect of the extracts or tested
products, the cell viability was estimated by the Trypan blue exclu-
sion test on unstimulated neutrophils (106 cells/mL) incubated for
1 h with the different passion fruit extracts, isoorientin or 1%
DMSO.
2.6. Measurement of active MPO by SIEFED
The SIEFED method was developed for the speciﬁc detection of
active equine neutrophil MPO (Franck et al., 2006). This method in-
volves three steps. The ﬁrst one is the capture of MPO from a solu-
tion or a biological sample by speciﬁc immobilised antibodies
(immunoextraction step). The second one consists of washings to
eliminate all the sample compounds (proteins, potential modulat-
ing or interfering substances, etc.) that do not bind to the antibod-
ies. The third one involves the in situ detection of MPO activity
(revelation step) using a ﬂuorogenic substrate (Amplex red
40 lM), H2O2 (10 lM), and NaNO2 (10 mM) as the enhancer of
the reaction. MPO activity transforms Amplex red into resoruﬁn,
a ﬂuorescent compound (kexcitation = 544 nm; kemission = 590 nm).
The ﬂuorescence emission was monitored for 30 min at 37 C using
a ﬂuorescent plate reader (Fluoroskan Ascent, Fisher Scientiﬁc).The MPO solution (50 ng mL1) used for SIEFED was prepared
with puriﬁed equine MPO diluted in PBS at pH 7.4 with 5 g L1
BSA and 0.1% Tween 20 (dilution buffer). The extracts and isoorien-
tin in DMSO solution at ﬁnal concentrations of 1.0, 0.1,
0.01 mg mL1 and 4, 0.4, 0.04 lg mL1, respectively, were incu-
bated for 10 min with equine MPO before the immunoextraction
step. After incubation, the mixture was loaded on the SIEFED
microplate and incubated (2 h, 37 C), to allow the antibodies to
capture the MPO, and after washing, the enzymatic activity of
MPO was measured. Any excess of extracts and standard was thus
washed out before the MPO activity was measured. A control assay
was performed with MPO incubated with the dilution buffer con-
taining 1% DMSO and was taken as 100% of MPO activity. The per-
centage of inhibition was calculated in relation to the DMSO
control.2.7. Quantitative analysis of isoorientin by HPLC–UV/DAD
The ﬂavonoid fractions were obtained by solid-phase extrac-
tion, following a validated external standard method for quantiﬁ-
cation of ﬂavonoid isoorientin in P. edulis (Zeraik & Yariwake,
2010), by using a stock solution of isoorientin (0.4 mg mL1 in
methanol) to obtain an analytical curve with four points ranging
from 0.004 to 0.1 mg mL1. The extracts were ﬁltered through a
0.45-lm Millex-HV PVDF membrane (Millipore), before the injec-
tion of 10.0 lL into the HPLC–UV/DAD system. The amount of iso-
orientin was determined by analysing three chromatograms for
each extract, obtained at k = 330 nm.
The HPLC analyses were carried out on an Agilent Model HP
G1311A (Palo Alto, CA) liquid chromatograph connected to a diode
array detector (DAD) model HP 1040M-series 2. The separation
was performed using a Symmetry C18 column (250 mm
long  4.6 mm i.d., 5 lm) supplied by Waters (Milford, MA), pre-
ceded by a guard column (2.0 cm long  4.0 mm i.d., 5 lm) con-
taining the same stationary phase. The samples were injected
automatically (10.0 lL). The separation and guard columns were
controlled thermostatically at 40 C and a 0.8 mL min1 ﬂow rate
was applied, using a linear gradient of 0.2% formic acid in water
(solvent A) and acetonitrile (solvent B). The optimised gradient em-
ployed for the passion fruit extracts was: 0–10 min, 12–16% B in A
and 10–30 min, 16–20% B in A. The chromatogram was monitored
at 330 nm, and UV spectra of individual peaks were recorded in the
range of 200–400 nm.3. Results and discussion
3.1. Effect of isoorientin and extracts from P. alata and P. edulis on the
CL response (ROS production) of stimulated neutrophils
The stoichiometric effect of the extracts on ROS production by
PMNwas measured by lucigenin-enhanced CL. Lucigenin is consid-
ered as a good chemiluminescence probe for measuring extracellu-
lar superoxide anions because it does not enter the cells (Caldeﬁe-
Chézet et al., 2002). This technique is used to measure the ability of
the substances in the extracts to neutralise superoxide anion-
derived radical species produced during neutrophil stimulation.
Fig. 2 shows that both healthy and PWV-infected P. edulis rind
extracts had dose-dependent inhibitory effects on CL response,
with healthy rinds showing a slightly stronger effect. The 50%
inhibitory concentration was between 0.01 and 0.1 mg mL1 for
healthy rinds and between 0.1 and 1 mg mL1 for infected rinds.
These results suggest that the presence of PWV can affect the con-
tent of antioxidant molecules in rinds. It is well established that
the proﬁle of phenolic compounds can vary in plants infected by
fungal pathogens, insects and viruses (Chatterjee & Ghosh, 2008;
Fig. 2. Effect of isoorientin, P. edulis and P. alata pulp extracts and healthy and PWV-infected P. edulis rind extracts on the chemiluminescent response of ROS produced by
PMA-stimulated equine neutrophils. The percentage of inhibition indicated at the top of each column was calculated versus the control DMSO, taken as 100% (mean ± SD,
n = 6).
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sion fruit plants in Brazil, where it is the most economically impor-
tant viral disease of this tropical fruit crop. In addition to reducing
the productive life of an orchard from 36 to 18 months, the virus
also causes signiﬁcant loss of fruit yield and quality (Trevisan
et al., 2006). Contrary to the rind extracts, the pulp extracts of P.
alata and P. edulis did not show a dose-dependent inhibitory effect
on CL response and only the pulp extract of P. edulis presented a
high inhibitory effect (98%) at 1 mg mL1.
Interestingly, the isoorientin standard (99% purity) at low con-
centration also showed dose-dependent inhibitory effects on CL re-
sponse, with a 50% inhibition estimated between 4 lg mL1 and
0.4 lg mL1. Since isoorientin is a molecule isolated from P. edulis,
we can conclude that some elements contained in crude extract
(such as sugars and proteins) may conceal the antioxidant activity
of interesting polyphenolic molecules such as isoorientin. Rudnicki
et al. (2007) demonstrated that the antioxidant activities of P. alata
and P. edulis leaf extracts were signiﬁcantly correlated with poly-
phenol content. Our results highlight that the fruit, especially the
rind of P. edulis and P. alata can be a potential source of molecules
with strong antioxidant activity, alone or in association, without
any cytotoxic effect on the cells as checked by the Trypan blue
exclusion test.3.2. Effect of isoorientin and extracts from P. alata and P. edulis on the
activity of MPO measured by SIEFED
The puriﬁed equine MPO used in these experiments was the
same as that used by Franck et al. (2006) to develop the SIEFED
technique. All the extracts, including the isoorientin standard,
exhibited inhibitory effects on MPO activity (Fig. 3). Similar dose-
dependent inhibition of MPO was observed with P. edulis and P.
alata pulp extracts, reaching approximately 50% of inhibition at
the highest concentration tested (1.0 mg mL1). However, the most
potent inhibitory effect on the peroxidase activity of MPO was
observed with the rind extracts, which showed a 50% inhibitory
effect at 0.1 mg mL1. The two rind extracts showed a similardose-dependent inhibitory response except for the highest concen-
tration of the infected rind extract which presented a slightly high-
er inhibition of MPO activity than the healthy rind (97% and 89%,
respectively).
The originality of the SIEFED technique lies in its ability to mea-
sure the peroxidase activity of MPO after its immunological extrac-
tion and the elimination by washing of the excess of isoorientin or
tested extracts. Therefore, if an inhibition of MPO activity is ob-
served, it can be attributed solely to a direct interaction of the
tested compound with the enzyme because the unbound mole-
cules or compounds have been discarded by the washing step
(Franck et al., 2008; Kohnen et al., 2007).
These observations suggested that polyphenolic substances
present in the rind extracts were ﬁxed on MPO (on the active site
of the enzyme or an amino acid of the protein structure) or altered
the enzyme structure, leading to MPO inactivation. Our results
indicated that isoorientin is able to interact directly with MPO,
since at low concentrations, it inhibits MPO activity dose-depen-
dently, with a 50% inhibitory effect reached at close to 4 lg mL1.3.3. Determination of isoorientin in the extracts by HPLC–UV/DAD
The ﬂavonoids extracted from P. edulis pulp were identiﬁed by
their characteristic UV spectral patterns: Band I, kmax around
300–380 nm and Band II, kmax around 240–280 nm (Mabry, Mark-
han, & Thomas, 1970). The ﬂavone isoorientin was identiﬁed by
comparison of its retention time (tr) and UV spectrum with an
authentic standard of isoorientin (Fig. 4).
The isoorientin content of passion fruit rinds (healthy and in-
fected, Table 1) was considerably higher than that of passion fruit
pulp. Recent studies have shown that many ﬂavonoids, such as iso-
orientin and related polyphenols, contribute signiﬁcantly to the
antioxidant activity of many fruits and vegetables (Ko, Chu, Lin,
Chang, & Teng, 1998; Luo, Basile, & Kennelly, 2002). Previous stud-
ies have reported the anti-inﬂammatory activity of C-glycosyl ﬂav-
ones on mouse models. Küepeli, Aslan, Guerbuez, and Yesilada
(2004) described the anti-inﬂammatory activity of isoorientin in
Fig. 3. Effect of isoorientin, P. edulis and P. alata pulp extracts and healthy and PWV-infected P. edulis rind extracts on MPO activity measured by SIEFED. The percentage of
inhibition indicated at the top of each column was calculated for each sample concentration versus the corresponding control MPO + DMSO, taken as 100% (mean ± SD, n = 6).
Fig. 4. HPLC chromatograms (detection at k = 330 nm): (A) standard isoorientin with tr = 13.217 min (inset: UV–Vis/DAD spectra of isoorientin); (B) extract of P. edulis pulp.
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mouse models of pleurisy. Zucolotto et al. (2009) and Vargas et al.
(2007) demonstrated that aqueous extracts and isoorientin from P.
edulis leaves decreased neutrophil efﬂux and MPO activity. How-
ever, in these studies, MPO activity was measured as a marker of
neutrophil migration. In the present study, we showed that passion
fruit rind extracts contained higher contents of isoorientin than
pulp extract, and presented high scavenging activities on the ROS
produced by activated neutrophils (stoichiometric activity) and
high inhibitory effects on MPO (anticatalytic activity). It also seems
that the virus PWV could affect the polyphenolic content of P. edu-
lis rinds, but further studies are needed, particularly at a more ad-
vanced stage of the disease, to identify more signiﬁcant differences.P. alata pulp did not contain the ﬂavone isoorientin and showed
lower stoichiometric and anticatalytic activities than P. edulis.
Therefore, the higher inhibitory effects observed in P. edulis pulp
may be partially explained by its isoorientin content. However,
standard isoorientin showed similar inhibitory activity at lower
concentrations than those of the extract. In addition to isoorientin,
the most abundant ﬂavonoid identiﬁed in the pulp of P. edulis (Zer-
aik & Yariwake, 2010), other ﬂavonoid compounds, such as orien-
tin, isovitexin, luteolin 6-C-chinovoside, and luteolin 6-C-
fucoside, are found in the fruit of P. edulis (Li et al., 2010; Mareck,
Galensa, & Herrmann, 1990; Pereira, Yariwake, & McCullagh,
2005). Rudnicki et al. (2007) demonstrated a correlation of the
antioxidant activities of P. alata and P. edulis leave extracts with
Table 1
Isoorientin content in pulp and rinds extracts of P. edulis and in pulp of P. alata.
Samples Isoorientin contenta
(mg isoorientin g1 dried extract) (lmol isoorientin g1 dried extract)
P. edulis pulp 0.051 ± 0.003 0.113 ± 0.007
P. alata pulp n.d. n.d.
P. edulis healthy rinds 0.653 ± 0.037 1.456 ± 0.082
P. edulis rinds infected by PWV 0.463 ± 0.033 1.085 ± 0.074
n.d.: Isoorientin was not detected.
Limit of quantiﬁcation = 0.4 lg mL1.
a Results are expressed as mean ± standard deviation, n = 3.
264 M.L. Zeraik et al. / Food Chemistry 128 (2011) 259–265their polyphenol contents. With techniques studying the antioxi-
dant effects directly on activated PMNs and on a powerful oxidant
enzyme, we highlighted that the fruit and especially the rinds of P.
edulis are a potential source of molecules with strong antioxidant
activities, and that isoorientin is particularly implicated in these
antioxidant properties. Isoorientin thus appears to be a potential
modulating molecule of inﬂammation by its scavenging properties
on ROS produced by stimulated neutrophils and its inhibitory ac-
tion on the activity of MPO. Further studies are needed to deter-
mine with our models the anti-inﬂammatory capacities of the
other polyphenolic compounds present in the P. edulis and P. alata
extracts.4. Conclusions
P. edulis rinds exhibited a higher activity than P. alata towards
the oxidant response of equine PMN, including ROS production
and MPO activity. This antioxidant activity was correlated with
the isoorientin content in the P. edulis extracts, and suggests that
the passion fruit rinds – a by-product of the passion fruit process-
ing industry – are a possible source of natural antioxidants that
should be more carefully evaluated. In addition, the combination
of the neutrophil and the myeloperoxidase models, both cells
and enzyme playing important roles in ROS and radical species
production, appears as an efﬁcient tool to detect and distinguish
between the stoichiometric and anticatalytic antioxidant activities
of natural compounds with potential therapeutic effects on oxidant
stress and inﬂammation.
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